forming bilaterally symmetrical ballistoconidia were isolated from plants collected in a protected rain forest in Northeastern Thailand. These yeasts showed hymenomycete affinity and coincided with the genus Bullera. In the phylogenetic trees based on the 18S rDNA and D2/D2 domain of 26S rDNA, they were located in the Trichosporonales clade (Cryptococcus humicola-Trichosporon lineage). The sequence analysis of the D1/D2 domain of 26S rDNA and ITS regions revealed that these strains represented two hitherto undescribed species.
Materials and Methods
Isolation of yeast strains employed. Plant samples for yeast isolation were collected in a protected tropical rain forest at Sakaerat Environmental Research Station in Nakhon Ratchasima Province, Northeastern Thailand, in Nov. 1996 . Yeasts were isolated by an improved ballistoconidia-fall method previously described (Nakase and Takashima, 1993) . Five strains, TY-242, TY-244, TY-245, TY-254 and TY-255, were isolated from Lagerstroemia calyculata Kurz. and two strains, TY-279 and TY-287, were isolated from Calamus viminalis Wild. For preservation, the isolates were suspended in YM broth containing 10% (w/v) glycerol.
Examination of morphological, physiological, biochemical characteristics ubiquinone system and xylose in the cells. These were determined according to the procedures described in our previous paper (Fungsin et al., 2002) Isolation, purification of nuclear DNA and DNA base composition. Cells were grown in 500 ml Erlenmeyer flasks containing 250 ml of YM broth on a rotary shaker at 150 rpm at 25°C and were harvested in the logarithmic growth phase. The cells were washed three times with distilled water and then freeze-dried. Isolation and purification of nuclear DNA were done according to Takashima and Nakase (2000) . The DNA base composition was determined by HPLC after enzymatic digestion of DNA to deoxyribonucleosides as described by Tamaoka and Komagata (1984) . A DNA-GC Kit (Yamasa Shoyu Co., Ltd., Chiba) was used as the quantitative standard.
Nucleotide sequences and phylogenetic analysis. Amplification and sequencing of 18S rDNA, ITS regions including 5.8S rDNA and the D1/D2 region of 26S rDNA were done according to the procedures described in the previous paper (Fungsin et al., 2002) .
The sequences determined in this study are deposited in the GenBank database under the following accession numbers: TY-242ϭTISTR5816ϭJCM12878, 18S rDNA and ITS regions including 5.8S rDNA (AY863105), ITS regions including 5.8S rDNA (AY919655), the D1/D2 domain of 26S DNA (AY313006); TY-244ϭTISTR5845ϭJCM12879, 18S rDNA and ITS regions including 5.8S rDNA (AY313031), D1/D2 domain (AY313007); TY-245ϭ TISTR5846ϭJCM12880, ITS regions including 5.8S rDNA (AY919656), D1/D2 domain (AY313008); TY-254ϭTISTR5815ϭJCM12877, 18S rDNA and ITS region including 5.8S rDNA (AY313033), the D1/ D2 domain of 26S rDNA (AY313010); TY-255ϭ TISTR5847ϭJCM12881, ITS regions including 5.8S rDNA (AY919657), the D1/D2 domain (AY313011); TY-279ϭTISTR5848ϭJCM12882, 18S rDNA and ITS region including 5.8S rDNA (AY313034), ITS regions including 5.8S rDNA (AY919658), the D1/D2 domain (AY313012); TY-287ϭTISTR5849ϭJCM12883, ITS regions including 5.8S rDNA (AY919659), the D1/D2 domain (AY313015). Reference sequences used for the phylogenetic analysis were obtained from the database. Generated sequences were aligned with the species of Trichosporon and Cryptococcus and related genera using the CLUSTAL W ver. 1.74 computer program (Thompson et al., 1994) . The phylogenetic tree was constructed according to the procedure described in the previous paper (Fungsin et al., 2002) .
Results and Discussion
All seven strains examined in the present study contained xylose in the cells and had Q-10 as the major component of ubiquinones. These strains produced bilaterally symmetrical ballistoconidia and budding yeast cells but not non-ballistoconidiogenous stalked conidia. These characteristics coincided with those of the genus Bullera (Boekhout and Nakase, 1998) .
The 18S rDNA sequences, a total of 1,708 nt present in all species between positions 62 and 1763 (Saccharomyces cerevisiae numbering) were used to compare for phylogenetic analysis. In the phylogenetic tree based on the 18S rDNA sequences, four representative strains, TY-242, TY-244, TY-254 and TY-279, were located in Trichosporonales clade (Cryptococcus humicola-Trichosporon lineage) (Fig. 1) . These four strains constituted a cluster with Bullera formosensis, the first Bullera species in the Trichosporonales clade , which is connected to a cluster consisting of Cryptococcus humicola and five species of genus Trichosporon, T. asteroides, T. brassicae, T. cutaneum, were located in the same position in the phylogenetic tree, while TY-254 was located at a different position. The nucleotide differences in the sequence among TY-254 and that of the former three strains and The numerals represent the percentages from 1,000 replicate bootstrap resamplings (A frequency of less than 50% is not shown). Sequences were retrieved from the DDBJ databases under the accession numbers indicated.
B. formosensis are 8 (0.4%) and 9 (0.5%), respectively.
The six strains, TY-242, TY-244, TY-245, TY-255, TY-279 and TY-287 have the identical sequence of the D1/D2 domain and are considered to present a single species. These six strains have identical nucleotide sequences and are considered to represent a single species. The nucleotide differences in the domain between these six strains and of B. formosensis were 5 (0.9%).
In the ITS1ϩITS2, the six strains were divided into two groups. Four strains, TY-242, TY-244, TY-245 and TY-255, had identical sequences and two strains, TY-279 and TY-287, had identical sequences. The two groups differed in two nucleotides (0.6%). Bullera formosensis differed in 5 nucleotides (1.4%) from the four strains and 3 nucleotides (0.9%) from the latter two strains.
All the above data suggest that the six strains (TY-242, TY-244, TY-245, TY-255, TY-279 and TY-287) represent a single species. These strains can be discriminated from B. formosensis by differences in 18S, the D1/D2 domain and ITS sequences. Besides this, the difference in mol% GϩC between B. formosensis (57.8 mol%, Nakase et al., 2002) and TY-242 (49.4 mol%) confirm that the six strains represent a new species different from B. formosensis.
On the other hand, TY-254 was located in a different position from the previous six strains and B. formosensis. In the D1/D2 domain of 26S rDNA, TY-254 differed in 12 nucleotides (2.1%) from the six strains mentioned above and in 15 nucleotides (2.6%) from B. formosensis. This clearly indicates that TY-254 represents another new species of the genus Bullera.
The name Bullera koratensis is proposed for six strains, TY-242, TY-244, TY-245, TY-255, TY-279 and TY-287 and Bullera lagerstroemiae is proposed for TY-254. In the phylogenetic tree based on the 18S rDNA sequences, the cluster comprising B. formosensis, B. koratensis and B. lagerstroemiae is well-separated from other clusters in Trichosporonales and connected with Group II of Trichosporon (Sugita and Nakase, 1998) or the Ovoides clade (Scorzetti et al., 2002) though bootstrap confidence level is not high. Logically, it is reasonable to describe these two new species in the genus newly established because the type species of Bullera is not located in the Trichosporonales cluster. The genus Bullera is heterogeneous and revision of taxonomy is essential. We consider, however, it is premature to do so at present, as more data or description of new species is required to support the establishment of a new genus. Therefore, we decided to describe the above-mentioned new species in the genus Bullera.
The two new species B. koratensis and B. lagerstroemiae along with B. formosensis differ from all other species of Bullera in Trichosporonales clade by production of bilaterally symmetrical ballistoconidia ( Fig. 2B and D) . This particular character is considered to be a characteristic feature of ballistoconidium-forming yeasts in Trichosporonales.
Description
Bullera koratensis Fungsin, Takashima, Sugita et Nakase sp. nov.
In liquido "YM," post dies 3 ad 25°C, cellulae subglobosae, ovoideae aut ellipoideae, 3.8-8.8ϫ5.5- 11.2 mm, singulae aut binae. Insulae, annulus et sedimentum formantur. In agaro "YM," post unum mensem ad 17°C, cultura glivo-flavae creamea, glabra vel rugosa aut crispulata, et margine endulatae. Mycelium et pseudomycelium non formantur. Ballistosporae globosae or subglobosae, 3.8-5.5ϫ7.5-10.0 mm. Fermentatio nulla. Glucosum, galactosum (lente, lente et exiguum), sucrosum, maltosum, cellobiosum, trehalosum, lactosum (lente, lente et exiguum, vel nullum), raffinosum, melezitosum, amylum solubile, D-xylosum, L-arabinosum, D-arabinosum, D-ribosum (fortasse lente), L-rhamnosum, D-glucosaminum (fortasse lente), N-acetyl-D-glucosaminum, ribitolum (lente, lente et exiguum, vel nullum), D-mannitolum (fortasse lente), Dglucitolum (fortasse lente), xylitolum (lente et exinuum, vel nullum), a-methyl-D-glucosidum, salicinum (fortasse lente), glucono-d-lactonum, acidum D-gluconicum, acidum 2-ketogluconicum, acidum 5-ketogluconicum, acidum succinicum, acidum citricum acidum, acidum saccharicum (lente), acidum D-glucuronicum, acidum D-galacturonicum et inositolum assimilantur at non L-sorbosum, melibiosum, inulinum, methanolum, ethanolum, glycerolum, erythritolum, L-arabinitolum, acidum DL-lacticum, propanum-1,2-diolum, butanum-2,3-diolum nec hexadecanum. Amonium sulfatum, Llysinum, cadaverinum natrum nitrosum et ethylaminum assimilator at non Kalium nitricum. Maximum temperature crescentiae: 31-32°C. Ad crescentiam thiaminae necessarium est. Diazonium caeruleum B positivum. Proportio molaris guaniniϩcytosine in acido deoxyribonucleico: 49.4 mol% (per HPLC). Ubiquinonum majus: Q-10. Xylosum cellulis praesens. Teleomorphosis ignota.
Holotypus: Stirps TY-242, isolatus ex folio Lagerstroemia calyculata Kurz., in pluvial sylva tropica, Nakhon Ratchasima Province in Thailandia. Cultura viva ex Holotypus huius speciei TISTR 5816ϭJCM 12878 in statu lyophilo conservatur in collectionibus culturarum quas 'Thailand Institute of Scientific and Technological Research (TISTR),' Klong Luang, Pathumthani, Thailandia, et 'Japan Collection of Microorganisms (JCM) RIKEN,' Wako, Saitama, Japonia sustentat.
Growth in YM broth: After 3 days at 25°C cells are subglobose, ovoidal, or ellipsoidal 3.8-8.8ϫ5.5-11.2 mm (Fig. 2C) . After 1 month at 17°C, islets, a ring and sediment are present.
Growth on YM agar: After 1 month at 17°C, the streak culture is pale yellowish cream, dull, smooth or delicately wrinkled and has an undulate margin.
Dalmau plate culture on corn meal agar: Mycelium and pseudomycelium are not formed.
Production of ballistoconidia: Ballistoconidia are moderately produced on the corn meal agar. They are napiform or turbinate, 3.8-5.5ϫ7.5-10.0 mm (Fig. 2D) .
Fermentation: Absent. Assmilation of carbon compounds: Etymology: The specific epithet of this species is derived from "korat" the former name of Nakhorn Ratchasima province where this species was isolated.
This species is distinguished from B. formosensis by mol% GϩC, 49.4% for the former and 57.8% for the latter and also their nucleotide sequences of the D1/D2 domain of 26S rDNA at positions 73-82 and 461-463 (in Saccharomyces cerevisiae NRRL Y-12632) as shown in Fig. 3 . Fungsin, Takashima, Sugita & Nakase, sp. nov. In liquido "YM," post dies 3 ad 25°C, cellulae subglobosae, ovoideae aut ellipoideae, 4.5-8.8ϫ5.5-11.3 mm, singulae aut binae. Insulae, annulus et sedimentum formantur. In agaro "YM," post unum mensem ad 17°C, cultura creamea, glabra vel rugosa aut crispulata, et margine undulatae. Mycelium et pseudomycelium non formantur. Ballistosporae napifomae or turbinatae, 4.0-5.5ϫ7.8-10.5 mm. Fermentatio nulla. Glucosum, galactosum (lente), L-sorbosum (lente, lente et exiguum), sucrosum, maltosum, cellobiosum, trehalosum, lactosum, raffinosum, melezitosum, amylum solubile, Dxylosum, L-arabinosum, D-arabinosum (fortasse lente), D-ribosum (fortasse lente, vel nullum), L-rhamnosum, D-glucosaminum, N-acetyl-D-glucosaminum, glycerolum (lente et exiguum), erythritolum (lente et exiguum, vel nullum), ribitolum (lente, lente et exiguum), D-mannitolum (fortasse lente), D-glucitolum (fortasse lente), amethyl-D-glucosidum, salicinum (fortasse lente), glucono-d-lactonum, acidum D-gluconicum, acidum 2-ketogluconicum, acidum 5-ketogluconicum, acidum suc- Growth in YM broth: After 3 days at 25°C cells are subglobose, ovoidal, or ellipsoidal 4.5-8.8ϫ5.5-11.3 mm ( Fig. 2A) . After 1 month at 17°C, islet a ring and sediment are present.
Bullera lagerstroemiae
Growth on YM agar: After 1 month at 17°C, the streak culture is cream dull, smooth or delicately wrinkled and has an entire margin.
Production of ballistoconidia: Ballistoconidia are moderately produced on corn meal agar. They are napiform or turbinate, 4.0-5.5ϫ7.8-10.5 mm (Fig. 2B) .
Fermentation: Absent. Assimilation of carbon compounds: Etymology: The specific epithet of this species is derived from the generic name of a plant from which this species was isolated.
This species is distinguished from B. formosensis by mol% GϩC, 46.0% for the former and 57.8% for the latter and also their nucleotide sequences of the D1/D2 domain of 26S rDNA at positions 73-82 and 461-463 (in Saccharomyces cerevisiae NRRL Y-12632) as shown in Fig. 3 . It is not easy to distinguish this species from B. koratensis sp. nov. by phenotypic characteristics which are only the lack of saccharic acid assimilation.
